By ROBERT B. WILD, M.D.
FROM the pharmacological standpoint sulphur is a particularly interesting element, and hardly seems to have attracted the atten,tion it deserves in the numerous studies in physiological and pathological chemistry which have been published in recent years. It is one of our oldest and most familiar drugs; it is an invariable constituent of all proteids; it is remnarkably versatile in its allotropic modifications and active in its chemical combinations; it can either replace oxygen in compounds or combine with it in different degrees of oxidation; it combines readily with hydrogen and many metals. The compounds formed by sulphur are easily reduced or oxidized, so that the presence of sulphur in a compound confers upon it a chemical mobility which may be as valuable in the unstable equilibrium of living protoplasm as it is in gunpowder. Moreover, the compounds of sulphur with oxygen or hydrogen are singularly active as protoplasmic poisons. It is familiar to all that sulphur in contact with living protoplasm in the presence of oxygen is rapidly oxidized to form powerful antiseptic bodies, and that use is made of this property in the arts, and occasionally in surgery, when the application of sulphur to a foul ulcer is followed by sterilization, and, if the action is allowed to continue, by destruction of tissue as the sulphur becomes oxidized to its highest degree-viz., to sulphuric acid. In the absence of oxygen other combinations are formed, and when decomposing organic substances are present, hydrogen sulphide is D-22 produced either directly or through the medium of a metallic sulphide. This is what takes place in the alimentary canal, where the passage of sulphuretted hydrogen gas is the familiar and unpleasant result of the ingestion of sulphur or compounds containing it. Decomposing organic matter can even reduce the more stable sulphates, as is seen when sulphuretted hydrogen is produced in marshes, owing to the reduction of calcium sulphate in the soil by decomposing organic matter, such as dead leaves.
The object of this paper is to bring forward certain facts relating to the action and uses of sulphur and some of its compounds, and, upon these facts, to ask for a reconsideration of the position now assigned to sulphur in almost all the text-books of pharmacology, where it is considered simply as a mild purgative, in respect of its internal use. That it is a useful purgative in certain conditions is perfectly true, but my object is to show that purgation is not its chief action, and that its value in therapeutics is largely due to the local antiseptic action of the compounds formed from sulphur in the alimentary canal; also that other drugs and articles of diet, which give rise to similar compounds in the body, owe their value in medicine and dietetics to a similar intestinal antisepsis.
My attention was first called to this subject by noticing the popular use of sulphur in the children attending the out-patient department of the Skin Hospital. Certain classes of the general public-in the North, at any rate-look upon sulphur in its familiar combination with treacle, or taken in milk, as an almost indispensable " spring" medicine, even if they are well, while it is largely given for any eruption on the skin at that time of the year, and often with considerable benefit. That certain forms of skin eruptions occur most frequently in the spring is borne out by the statistics of the Skin Hospital, and this increase appears to be connected with the rise in the average daily temperature which occurs in March or April, according to the season. Presumably, this rise in the temperature increases the activity and rate of growth of bacteria, just as it does that of other vegetable organisms; at this time we find a considerable increase in suppurative lesions, due to staphylococcic and streptococcic infection on the surface of the skin, and also an increase in those forms of disease which are due to, or accompanied by, disturbance of the alimentary canal, a disturbance frequently the result of bacterial activity within or without the body.
I have no intention of entering into the dermatological aspects of this question here, but merely say that outbursts of pustular acne, furuncu- Sulphur has frequently been used with considerable benefit in dysentery, dysenteric diarrhea, and the summer diarrhoea of children. Richmond, in South Africa, found sulphur in 20-gr. doses an efficient remedy in dysentery. These doses are not strongly purgative, and in some cases the purgative action was diminished by giving it with Dover's powder. It is worth noting that chronic gout and rheumatism-the other conditions for which sulphur was employed by our forefathers -are now believed by some physicians to be connected with the production of abnormal toxic substances in the alimentary canal either from deranged digestive processes or through the action of microorganisms. The old " Chelsea pensioner " remedy contained one-third of its weight of sulphur, and the trochiscus sulphuris of the Pharmacopoeia was introduced primarily for chronic rheumatism.
I do not propose to deal with the general action of the sulphur compounds on the body after absorption. Most of the conditions for which they are employed, such as acne, boils, and carbuncles, are of bacterial origin, and, as sulphuretted hydrogen is certainly excreted by the skin, a local antiseptic action is probably the cause of the benefit derived, at any rate in part. It is often forgotten that sulphuretted hydrogen is extremely fatal to living organisms, and that even a small quantity will prevent development. The unpleasant smell prevents its use in surgery, but the smell of sulphuretted hydrogen is not necessarily to be taken as a sign that putrefaction is still going on; it may, indeed, be an indication that putrefaction is, for the time, arrested.
Though colloidal sulphur is soluble in water under certain conditions, the pharmacopoeial forms are quite insoluble in pure water; a statement made in some books that it will dissolve 1 in 70,000 is possibly due to the use of impure precipitated sulphur containing water or calcium sulphate. I have kept a carefully weighed piece of sulphur in two gallons of pure water for several months exposed to the air, and the water changed several times; when carefully dried and weighed there was no perceptible loss of weight in the sulphur. The case, however, is different if decomposing organic matter is present; after one or two days a smell of sulphuretted hydrogen is perceived, further decomposition, for the time, prevented, and after some time a part of the sulphur is lost. Perhaps the common country practice of placing a lump of sulphur in the drinking water for dogs and other animals may be based on some observation of this kind. After much search I found the custom referred to a statement of that fine old natural philosopher, Stephen Hales, who died in 1761. On looking up his works, however, I find the only reference to be a statement in the " Philosophical Experiments " that oil of gulphur prevents water from putrefaction, and he recommends its use on board ship. It is, however, clear from the context that by " oil of sulphur " Hales meant some preparation of sulphuric acid, as he compares its strength with that of the more familiar oil of vitriol.
I have carried out a large number of simple experiments by adding sulphur to various mixtures in test-tubes and bottles and keeping them either at room temperature or in an incubator at 370 C. for several weeks. Some of the tubes were open, others plugged with cotton wool, others tightly corked. The same weight of sulphur and total volume of fluid were used in all the tubes of any one series of experiments. The mixtures were regularly examined and tested for sulphuretted hydrogen by acetate-of-lead test-papers and also by the smell. In some cases, to avoid personal bias, the testing was done for me by my assistant (Mr. J. Grier, M.Sc.), who did not know what the tubes contained, and merely noted what he found in each tube, which was labelled only by a number. I need not weary you by details of these experiments and may summarize them as follows: Dried powdered milk with water, or lightly-cooked minced beef with water, gave no H2S. Sulphur with water alone gave no H2S. Powdered milk with sulphur and water gave H2S in under sixteen hours, strongly marked in twenty-four hours, less marked in forty-eight hours, and gone in seventy-two hours. Beef with sulphur and water gave H2S in twenty-four hours, more marked in forty-eight hours, strongly marked in seventy-two hours, and then gradually diminishing until no test could be obtained, but a peculiar, unpleasant, cabbage-like smell was present. The beef, however, remained undecomposed for an indefinite time, but the sulphur gradually disappeared and had to be replaced. In one tube I examined the beef microscopically after two years' keeping at the room teniperature, and was still able to see the muscular striation; some of the beef still remains after five years; the sulphur has been replaced four times and the water more frequently. After prolonged keeping some of the tubes showed a growth of mould on the surface of the liquid and an unpleasant smell was present even though the beef was still undecomposed; cultivations on gelatine from these tubes gave a growth which liquefied the gelatine. Apparently the sulphuretted hydrogen slowly formed from the sulphur was sufficient to prevent growth of putrefactive organisms but not sufficient to destroy them, and the sulphur was gradually used up in forming the sulphuretted hydrogen or more complicated organic sulphur compounds eventually decoinposed into that body. The action of these bodies is an antiseptic and not a disinfectant one.
I have attempted to determine what is the effect of sulphur in the presence of the various secretions of the alimentary canal. No change was found or H2S produced by mixtures of sulphur with diastase, with liquor pepticus and hydrochloric acid, with liquor pancreatis and sodium bicarbonate, or with bile. Mixtures were then made to contain the digestive ferments, with acid or alkali in proper proportions and coarselyminced beef or mutton or dried-milk powder; to some of these, sublimed or precipitated sulphur was added. The control tubes without the sulphur in no case gave any sulphuretted hydrogen. In mixtures of liquor pepticus with hydrochloric acid, sulphur and beef or milk powder, digestion proceeded unaltered and no sulphuretted hydrogen was produced. In ruixtures of liquor pancreatis with sodiunm bicarbonate, sulphur and beef or milk powder, digestion proceeded normally, but sulphuretted hydrogen was produced in considerable quantity; on keeping, however, no fecal smell was developed, as was usually the case in the tubes which contained the same mixtures but without sulphur. Bile, with beef and sulphur, produced sulphuretted hydrogen, and the mixture remained undecomposed for a considerable time.
It seems clear from these various experiments that in the presence of acid no formation of sulphuretted hydrogen occurs, that alkali alone is not sufficient to produce sulphuretted hydrogen from sulphur, but that an alkaline reaction distinctly favours its production when albuminous materials are also present. In the alimentary canal the action of sulphur will therefore only take place at a point where its contents have ceased to have an acid reaction, and the formation of sulphuretted hydrogen, and possibly sulphides, will be hastened by an increase in the alkalinity. Another important point is that the presence of the sulphur did not in any way hinder the action of the digestive ferments, but it prevented pancreatic digestion passing on to the production of substances which cause a fiecal smell. No difference could be found between the action of sublimed and precipitated sulphur; in some cases, however, the latter gave the reaction for sulphuretted hydrogen a little earlier than the former. In some other experiments, however, with oxidizing agents, to which I do not propose to refer further at present, a difference was found between the two forms of sulphur: for examnple, a weak solution of potassium permanganate was decolourized by precipitated sulphur, much earlier and more completely than by sublimed sulphur.
The metallic sulphides, in my experience, are less useful as intestinal antiseptics than sulphur itself; if the stomach is acid they are decomposed rapidly, eructations of sulphuretted hydrogen occur, and probably none of the sulphur reaches the intestine. If the stomach is empty the metallic sulphides are apt to cause considerable irritation and cannot be given in doses likely to be effective. The potassa sulphurata is not suited for intcrnal use at all, but the calx sulphurata can be given, and in considerably larger doses than those commonly employed, especially if it be exhibited in a rather firm gelatine capsule or coated pill. I frequently find it beneficial in suppurative conditions in doses of 1 gr. three times a day, but two precautions are necessary-viz., it must be freshly prepared, and it must be given so as to avoid decomposition in the stomach. I doubt whether it has much intestinal action, and it rarely purges even when 2 gr, are given three times a day; it is more suitable for use where rapid absorption of the sulphide is desired. I find many practitioners have discarded the calcium sulphide as useless, and, on inquiry, it usually turns out that they take no care to insure the activity of the preparation they employ, and that they limit themselves to the small doses recommended by Ringer, but neglect his recommendation to give it every hour. Some sulphides, however, including sulphuretted hydrogen, may be used as intestinal antiseptics in the form of natural mineral waters, and it is worth consideration whether this action does not offer a more reasonable explanation than purgation alone of the undoubted benefit frequently derived from the internal use of the sulphurous waters of Harrogate, Llandrindod, Aix, and many other spas. The large amount of water in which the sulphides are dissolved minimizes the local irritant action, and taken, as they usually are, on an empty stomach, they are not decomposed but reach the intestine in an active state. The benefit derived from these waters is often out of proportion to the degree of purgation, and it is interesting to note that the class of patients most successfully treated shows a considerable preponderance of cases in which the disease may be ascribed to auto-intoxication, the resultof gastro-intestinal disturbance. The The sulphates require a somewhat fuller consideration. Magnesium and sodium sulphates are more extensively used than any other saline purgatives, such as sodium phosphate or citro-tartrate, in spite of the fact that their taste is more unpleasant. This wider use is probably due to the greater benefit derived from them, and I believe that this greater benefit is due to the reduction of a small part of the sulphate to sulphuretted hydrogen, and that in this way the sulphates have an intestinal antiseptic action as well as a purgative one. As purgatives they are given in large doses with the object of increasing the volume of the intestinal contents by preventing absorption of the fluid. A considerable amount of the salt is carried along the whole length of the intestines and passes out with the fluid stool, so that if purgation is not too rapid there is every opportunity for reduction to take place.
I have no intention of discussing the mode of action of the saline purgatives. Dr. Hertz brought the subject before this Section in December, 1908,' and gave evidence that when magnesium sulphate was administered some absorption took place. That this is certainly correct is shown by a series of urinary analyses conducted for another purpose by Dr. Elsie Royle under my direction at the Christie Hospital. The amount of magnesium in the urine was found to vary in a surprising and irregular manner, and it was only by recollecting that compound senna mixture was used as house medicine, and ascertaining from the sister the dates at which doses had been given, that these variations were explained. Those patients who took the compound senna mixture regularly twice a week had a high percentage of mrlagnesium in the urine, and those who took an occasional dose showed a sudden rise on the following days; in most cases the inorganic sulphates in the urine were also increased, but not the organic sulphates. The total amount of magnesium in the urine, however, was never sufficient to account for more than a small fraction of the amount taken-e.g., in one case after a single dose the magnesium in the total twenty-four hours' urine increased from 0 01 grm. to 0 11 grm.; in another case while on regular doses 0114 grm. was excreted daily, when the mixture was stopped this fell to 007 grm. Each dose of the mixture exhibited contained at least 8 grm., a.nd, allowing the excretion of the absorbed salt to be spread over three days, the total excreted bv the kidney would not exceed 034 grm. In a similar way the increase in the inorganic sulphates only accounted for a small proportion of the anion, so that by far the greater I Proceedings, 1909, iii, p. 21. at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from proportion of both ions of the magnesium sulphate passed out by the bowel.
I have found out by inquiry from patients and by repeated personal experiment that sulphuretted hydrogen is passed by the bowel much more frequently after magnesium or sodium sulphate has been taken than after sodium phosphate or the effervescing citro-tartrate. If the stool occurs quickly, say, within an hour or an hour and a half, little or no sulphuretted hydrogen is passed with it, but it is often passed as flatus during the day or with the following stool; if the first stool is delayed, sulphuretted hydrogen is almost invariably passed with it. My attention was particularly called to this subject by a medical friend who suffers from gall-stones, and for whom sodium sulphate had been prescribed to be taken several times a day. He wished me to explain why he could take a dose before breakfast without any discomfort, but that doses taken later in the day caused after a time most unpleasant eructations of sulphuretted hydrogen from the mouth. I could only suggest that in the morning, after a twelve to fifteen hours' fast, the sodium sulphate passed too far down the bowel before meeting with the conditions for reduction to take place, but that after a meal, when the upper part of the bowel contained food, reduction of the sulphate occurred sufficiently high up for the gas to pass upward through the stomach.
The value of magnesium sulphate in dysentery appears to be well attested, and it seems at least probable that an antiseptic action in the intestines may play an important part. Sodium sulphate has been used for dysentery, particularly by French physicians, for over fifty years. In such conditions as acute urticaria the sulphates also appear to be more efficacious than other salines, and this condition is usually dependent upon some digestive disturbance with intestinal auto-intoxication. The various sulphated natural mineral waters have also to be considered from this standpoint, as they contain sodium or magnesium sulphates.
The enormous trade in those imported into this country testifies to their wide popularity. It may be that the sulphates in them are in a condition which permits of a more rapid reduction than is the case in a simple solution of the salts in water; most people, at any rate, consider them to be more effective than their equivalent saline contents dissolved up in an equal quantity of water.
The non-purgative mineral waters which contain calcium sulphate are also worthy of note, since it is well known that suphuretted hydrogen is produced very readily from calcium sulphate in the presence of decomposing organic matter. At times new wine is found to contain sulphuretted hydrogen as the result of the reduction of calcium sulphate during the process of fermentation.' Possibly the adulterated form of precipitated sulphur made with sulphuric acid in place of hydrochloric acid, and which contains two-thirds of its weight of calcium sulphate, may not be so bad a preparation after all. It was preferred by some of the old physicians to the pure sulphur precipitatum, and is still used by the public. I have been told many times that this form of " milk of sulphur" acts differently to the ordinarv forms. Whether sulphuric acid itself can be reduced in the alimentary canal does not appear to be known. It is worth some investigation if only from the fact that no explanation has yet been found for the universal preference for sulphuric acid to other acids in the treatment of diarrhcea.
Passing now to the organic compounds of sulphur, a brief reference only is necessary to ichthyol and its congeners. With its large sulphur content ichthyol is already recognized as an intestinal antiseptic, and is used for that purpose in chronic urticaria and other conditions. The organic compounds to which I wish to refer are the vegetable substances. so largely used dietetically, and to some extent medicinally, which contain sulphurous volatile oils. The dietetic value of fresh vegetables has always been recognized, and an examination of the various kinds cultivated for food shows a surprising preponderance of those which contain organic compounds of sulphur. It seems hardly likely that this is merely an accident. Our dietetic habits have been formed by a process of natural selection, in which the experience of ages has shown the greater dietetic value of these sulphur-containing vegetables, and has thus led to their extensive cultivation and improvement. It is a familiar experience that the consumption of these vegetables is followed by formation of sulphuretted hydrogen in the intestine or even in the stomach, a fact popularly expressed by the designation of " windy foods" so often applied to them. Of these vegetable foods, onions, leeks, and garlic are perhaps the best recognized as containing sulphur; indeed, Sir William Whitla recommends the use-of onions as a convenient and effective means of giving sulphur internally. To these we may add asafaetida, which we are told is used as a food in Persia and other parts of Asia; the medicinal use of asafoetida is largely due to its volatile oil, and it may be that the compound asafoetida pill given by some surgeons to remove tympanites after abdominal operations has a real value in diminishing bacterial activity in the intestines. Onions, garlic, and asafoetida appear to be most used for cookery in warmer countries, and among the class of people who, owing to climatic or social conditions, have not always the opportunity of obtaining food in a fresh condition, and it is likely that much of their value as foods may be due to the intestinal antiseptic action of the sulphur compounds they contain, or which are formed by their decomposition.
The natural order Crucifera contains most of the plants which yield sulphurous volatile oils, and to this order most of our ordinary table vegetables and salads belong. The sulphur is usually present as a thiocyanate. The sulphurous volatile oil from black mustard, which is in the Pharmacopaoia, is itself a powerful antiseptic, and, much diluted, has been successfully used by Roswell Park for sterilizing the hands of the surgeon. When taken internally mustard gives rise to sulphuretted hydrogen, so that all the vegetables which contain the mustard oil may be regarded as antiseptic substances, both in the stomach and intestines. White mustard has a somewhat similar oil to black mustard, but less pungent. Other cruciferous plants which contain sulphur are Cochlearia armoracia (the horse-radish), Raphanus saticus (the radish), Brassicca rapa (the turnip), Nasturtiumn officinale (the watercress), which mostly contain mustard oils. Lepidumn sativum (the garden cress), with several other varieties, contains the benzyl isothiocyanate; Cochlearia officinalis (the scurvy-grass), like many of these vegetables, had great reputation as an antiscorbutic, and its sulphur content becomnes interesting when compared to the old reputation of Harrogate water as a cure for land scurvy. Then we have Brassica oleracea (the cabbage), with its varieties, acephela (the Scotch kail), bullata (the Savoy cabbage), capitala (the red and white cabbage), botrytis (the cauliflower), gemmifera (the Brussels sprout), all in common use, and which contain bodies closely allied to the mustard oils.
Many other plants could be mentioned which contain sulphur and have had their place in folk medicine, but I will only refer briefly to the Humulus lupulus (the common hop). May it not be that there is some truth in the contention that the old-fashioned beer, made from malt and a plentiful supply of hops, was more wholesome than that made from glucose and hop-substitutes, and that this greater wholesomeness was in part, at least, due to the small quantity of sulphur in the hops, and which is not present in the various bitters used as hop substitutes ?
I cannot enter, to-day, into a consideration of the action of sulphur upon other organs. It is certainly a diaphoretic when given in regular doses; it also increases the sebaceous secretion, and, I believe, makes it more of an oily character; as an expectorant it is apparently useful in some forms of bronchitis. It has also, when long continued, a distinctly depressing effect on both the circulatory and nervous systems, and a word of warning is necessary as to the danger of using it for too long a time. I have seen marked symptoms of depression produced by sulphur itself, by the calx sulphurata, and by Harrogate waters. In one case where a patient continued the use of sulphur for months on account of acne vulgaris, which was quiescent while she took it, the nervous depression reached actual melancholia, which was completely recovered from on stopping the sulphur. Of course the chief disadvantage is the offensive character of the stools and occasionally of the breath. This is most marked when full purgative doses are taken frequently; there is, as a rule, no serious complaint when only 5 gr. or 10 gr. are given two or three times a day, which is sufficient when an antiseptic effect only is required.
As to the method of administration, the Pharmacopoeia contains ample and excellent preparations. For large doses the confection serves all purposes; for smaller doses the lozenge is not unpleasant-if the sweetness is objected to by adults, compressed tablets are easily made to contain 5 gr.; and for children it can be mixed with chocolate or given as the compound liquorice powder.
To briefly summarize the advantages of sulphur as an intestinal antiseptic:-(1) It is almost tasteless and easily administered. (5) It is sufficiently non-poisonous to be given in effective doses. (6) It has valuable laxative properties which promote an early evacuation of the intestinal contents.
(7) It is cheap.
